The current work reports the successful synthesis of ethylene glycol functionalized gadolinium oxide nanoparticles (Gd 2 O 3 Nps) as a proficient electrocatalytic material for the detection of hydrazine and p-nitrophenol. A facile hydrothermal approach was used for the controlled growth of Gd 2 O 3 Nps in the presence of ethylene glycol (EG) as a structure-controlling and hydrophilic coating source. The prepared material was characterized by several techniques in order to examine the structural, morphological, optical, photoluminescence, and sensing properties. The thermal stability, resistance toward corrosion, and decreased tendency toward photobleaching made Gd 2 O 3 nanoparticles a good candidate for the electrochemical sensing of p-nitrophenol and hydrazine by using cyclic voltammetric (CV) and amperometric methods at a neutral pH range. The modified electrode possesses a linear range of 1 to 10 µM with a low detection limit of 1.527 and 0.704 µM for p-nitrophenol and hydrazine, respectively. The sensitivity, selectivity, repeatability, recyclability, linear range, detection limit, and applicability in real water samples made Gd 2 O 3 Nps a favorable nanomaterial for the rapid and effectual scrutiny of harmful environmental pollutants.
Introduction
Aromatic nitro as well as hydrazine are some of the few compounds that are frequently used in the preparation of insecticides, pesticides, pharmaceuticals, and in chemical industries [1] [2] [3] . The highly stable nature and lower degradation efficiency of these compounds imparted serious health hazards to human health [4, 5] . The utilities of these chemicals in the preparation of explosives are well established in the literature [6] . For instance, according to the U.S Homeland Security Information Bulletin, hydrazine was used in a terrorist attack in 2003 [7] . Hence, from the perspective of safety and security, the development of simple, handy, and competent methodology to monitor these contaminants is the crucial need of the society [8] . To date, there have been a number of analytical instrumental techniques-such as colorimetric, X-ray, fluorescence emission spectroscopy, inductively coupled plasma spectroscopy, atomic absorption spectroscopy, mass spectroscopy, and chromatography-that have been employed for the detection of p-nitrophenol as well as hydrazine [9] [10] [11] [12] .
All these methods are quite efficient for the detection of these pollutants, but possess delicate functioning, high processing charges, and skilled professionals for data analysis [12] . All these hitches have restricted the use of these sophisticated techniques in routine applications. Hence, from the viewpoint of human health and environmental security, there is a critical requirement for developing alternative techniques with improved selectivity and sensitivity toward these contaminants [13] [14] [15] . Therefore, in this work, we have coupled the sensitivity of electrochemical technique with nanoparticles for developing effective sensors for these harmful pollutants. The developed electrochemical sensor has offered significant benefits such as low processing cost and quick response time. The presence of nanoparticles has further augmented the mass transport during analysis as well as reduced the effect of opposition produced by solution during the measurements. The signal-to-noise ratio is further enhanced in the presence of nanoparticles as compared to conventional macroelectrodes used during the analysis. The higher available surface area of nanoparticles has made them an efficient adsorbent for analytes and provided better-quality responses for contaminants.
In the past, varieties of nanoparticles have been used for preparing electrochemical sensors for hydrazine and aromatic compounds [15] [16] [17] [18] [19] [20] . For instance, Mishra et al. [15, 16] developed the flexible epidermal tattoo, textile and glove-based electrochemical sensor for the detection of organophosphate molecules. The developed sensor was found to be effective in defense and food security applications. Wei et al. [17] have used the nanohybrids of carbon nanotubes (CNTs) with pyrene-cyclodextrin for the electrochemical sensing of p-nitrophenol with sensitivity of around 18.7 µA/µM. Karthik et al. [18] have used the applications of gold nanoparticles derived from biogenic sources for sensing hydrazine from aqueous media. The developed sensor has shown a linear range 5 nM to 272 µM with a detection limit of around 0.05 µM. Zhang and co-workers have used the application of modified graphene with Pt-Pd nanocubes for detecting aromatic nitro compounds with a detection range of 0.01 to 3 ppm and sensing limit of around 0.8 ppb [19] . Chen et al. [20] have developed the indium tin oxide electrodes, which were further functionalized with β-cyclodextrin and Ag nanoparticles for analyzing the trace amount of nitroaromatic compounds via using electrochemical sensing analysis. Chaudhary et al. [21] have utilized the fluorescence sensing abilities of Gd 2 O 3 Nps nanoparticles in the selective detection of 4-nitrophenol in aqueous media. However, the use of Gd 2 O 3 Nps for the modification of electrodes was less frequent in the literature for the estimation of harmful hydrazine and aromatic compounds.
The current work has utilized the electron transport abilities, high electrical conductivity, and thermal stabilities of Gd 2 O 3 Nps for making effective material in electrochemical sensing for harmful pollutants [21] [22] [23] . To date, a diverse range of methodologies has been investigated for the preparation of Gd 2 O 3 Nps [24] [25] [26] [27] [28] . The available methods have generally required very high temperature reaction conditions and multistep processing for the synthesis of Gd 2 O 3 Nps. Therefore, it is valuable to systematize a synthetic approach for preparing Gd 2 O 3 Nps at comparatively low temperature in a minimum number of steps, and formed particles will be reliable for developing an effective sensor for harmful pollutants. The present study has emphasized a hydrothermal route for the preparation of Gd 2 O 3 Nps under mild conditions. The hydrothermal process is the best preference due to its superior competence, economical nature, flexible reaction constraints, and prospective ability for the large-scale production of particles. The used methodology has provided better control over the size and shape of the formed particles. Abdullah et al. [29] have reported the fabrication of well crystalline Gd 2 O 3 nanostructures by annealing the hydrothermally prepared nanostructures at 1000 • C. The prepared particles were further used for the detection of ethanol. In the current study, the biocompatible coating of ethylene glycol (EG) has provided better control over the agglomeration rate of formed nanoparticles. The presence of EG has a direct influence over the solubility, optical, luminescence, and the morphological characteristics of the prepared nanoparticles. The external template of EG has also modulated the range of non-radiative energy losses in Gd 2 O particles.
Here in this work, surface-modified gadolinium oxide (Gd 2 O 3 ) nanoparticles have been used as a proficient electrocatalytic material for the detection of hydrazine and p-nitrophenol by using cyclic voltammetric (CV) and chronoampherometric methods at neutral pH range. The consequences of synthetic parameters such as the concentration of precursors were studied by measuring the optical, photoluminescence, and band-gap variation of the formed particles. The estimation of the sensitivity, selectivity, repeatability, recyclability, linear range, detection limit, and applicability in real water has also been carried out in the current work. The thermal stability, resistance toward corrosion, and decreased tendency toward photobleaching made Gd 2 O 3 nanoparticles a probable contender for preparing a simple, fast, and economical electrochemical sensor for hydrazine and p-nitrophenol.
Experimental Details

Materials
GdCl 3 ·6H 2 O (Gadolinium(III) chloride hexahydrate: Sigma Aldrich, Mumbai, India with purity 99%) was used as a starting material for fabricating Gd 2 O 3 nanoparticles. EG (ethylene glycol: Fluka 98%) and NaOH (sodium hydroxide: Merck 99.9% pure) were used for the synthesis purpose. Hydrazine, p-nitrophenol, benzaldehyde, benzoic acid, benzonitrile, phenol, ethanol, and aniline were procured from Sigma Aldrich, with purity more than 90%. Acetone (BDH, Mumbai, India, 98%) and ethanol (Changshu Yangyuan, Suzhou, China, 99.9%) were used as the washing solvent for obtained nanoparticles. Millipore distilled water was used for the synthesis of nanoparticles.
Synthesis of Gd 2 O 3 Nanoparticles
The synthesis of Gd 2 O 3 nanoparticles was done by using the hydrothermal method. In brief, 5 mM of GdCl 3 ·6H 2 O was added to the 5-mL EG solution under stirring at 50 • C solution followed by the addition of 15 mM NaOH. The temperature of the reaction mixture was held constant at 140 • C for the first hour, and then raised to 180 • C for 4 h. The obtained solution was allowed to cool at room temperature. The obtained yellow precipitates of Gd 2 O 3 nanoparticles were separated out from the reaction media. The obtained precipitates were subjected to calcinations for 3 h at 300 • C. The resulting particles were washed with water, acetone, and ethanol to remove the impurities. The corresponding separation was mainly performed by ultracentrifugation at 9000 rpm. The extracted particles were dried in an oven at 50 • C and further utilized for different analysis. For the optimization of synthetic parameters for the preparation of Gd 2 O 3 nanoparticles, the respective concentration variations of GdCl 3 ·6H 2 O have been carried out under respective reaction conditions. In the first instance, the concentration of variations of GdCl 3 ·6H 2 O were done from 5 to 25 mM in all the reaction mixtures by keeping the concentration of the NaOH fixed at 0.015 M. A UV-visible spectral scan for each sample was taken from 230 to 400-nm wavelength to detect the optical properties of the formed nanoparticles. The optical band gap (Eg) of as-prepared nanoparticles was calculated as a function of the concentration variations of GdCl 3 ·6H 2 O. The respective fluorescence emission spectra were also studied for the concentration variations of GdCl 3 ·6H 2 O from 5 to 25 mM.
Electrode Preparation
The synthesized nanoparticles were further used to fabricate the electrochemical sensor for hydrazine and p-nitrophenol (Scheme 1). In order to form the modified electrode, the gold electrode with a surface area equivalent to 3.14 mm 2 was first cleaned with alumina slurry and properly washed with distilled water under sonication. After drying the electrode at room temperature, the surface of the gold electrode was coated with the Gd 2 O 3 nanoparticles by using butyl carbitol acetate (BCA) as the binding agent. The as-formed electrode was further dried at 60 ± 5 • C for 4-6 h to attain a homogeneous and dried layer of nanoparticles over the surface of electrode. All the electrochemical measurements were carried out on an µAutolab Type-III under neutral pH conditions. In all the analyses, a Gd 2 O 3 customized gold electrode was acting as a working electrode, Ag/AgCl (sat. KCl) was acting as a reference, and Pt wire was acting as a counter electrode. Scheme 1. Schematic illustration of the electrochemical sensor for the detection of hydrazine and p-nitrophenol by using the modified electrode of gold with Gd 2 O 3 nanoparticles.
Physical Measurements
The obtained Gd 2 O 3 nanoparticles were characterized with the help of an X-ray diffractometer from Panalytical D/Max-2500 (Malvern, UK), Hitachi (H-7500) Transmission electron microscope (Tokyo, Japan), Thermoscientific UV-vis. Spectrophotometer (Waltham, MA, USA), and FTIR spectrophotometer of Perkin-Elmer (RX1) (Waltham, MA, USA). The fluorescence measurements were carried out with a Hitachi F-7000 photoluminescence spectrophotometer. The photoluminescence analysis was carried out on an Edinburgh Instrument FLS 980 (Bain Square, UK). A JEOL (JSM-6610) scanning electron microscope (SEM) (Tokyo, Japan) with EDX analysis was carried out at 20 kV. The calcinations of the as-prepared Gd 2 O 3 nanoparticles were done in an AICIL muffle furnace at 300 • C. Dynamic light scattering measurements were done on a Malvern Zen1690 instrument (Worcestershire, UK). Raman analysis was performed on a Renishaw inVia reflex micro-Raman spectrometer (Wotton-under-Edge, UK). The pH measurements were performed on a Mettler Toledo digital pH meter (Columbus, OH, USA). The surface area of EG-coated Gd 2 O 3 nanoparticles was estimated by using Brunauer-Emmett-Teller (BET) analysis with an N 2 adsorption analyzer (NOVA 2000e, Anton Par, Gurugram, India). The separation of the as-prepared Gd 2 O 3 nanoparticles from aqueous media was done on a Remi R-24 centrifuge. Electrochemical measurements were carried out on an µAutolab Type-III cyclic voltammeter (Metrohm, Herisau, Switzerland). The gold electrode with a surface area of 3.14 mm 2 was chosen for the analysis.
Results and Discussion
Characterization and Properties of Synthesized Gd 2 O 3 Nanoparticles
The crystal structure of formed Gd 2 O 3 nanoparticles has been further scrutinized by investigating the powdered XRD patterns of formed particles (Figure 1a ). The absence of any peak related to impurity has confirmed the purity of the prepared nanoparticles [30] . The average crystallite size (D) of 15 nm has been estimated from the diffraction peaks by using the respective values of full width at half maximum (FWHM) via employing Debye-Scherrer's formula [31, 32] . The specific surface area and pore diameter of the obtained sample was found to be 15.3 m 2 ·g −1 and 2.3 nm, which were respectively calculated by using the nitrogen sorption studies at 77 K in accordance with the BET (Brunauer-Emmett-Teller) process. The respective atomic content of Gd 2 O 3 nanoparticles has been confirmed by using EDX analysis ( Figure 1b ). The obtained spectrum has only displayed the characteristic peaks of the Gd and O atoms in the synthesized sample, which verified the purity of the formed particles. The SEM image of the Gd 2 O 3 nanoparticles has been shown in Figure 1c , which has clearly shown the presence of agglomerated nanostructures of Gd 2 O 3 nanoparticles. The presence of contacted particles has been mainly due to the existence of an EG template over the surface of the particles, which has further supported the presence of external electrostatic interactive forces generated from the templates over the surface of the nanoparticles. Detailed information regarding the morphology and structure of Gd 2 O 3 nanoparticles has further been obtained from the HRTEM images presented in Figure 1d . It is clear from the images that the nanoparticles have shown crystallites with an irregular pseudo-spherical shape and a size distribution between 7-15 nm. The crystal spacing of 0.305 nm belongs to the (222) planes of Gd 2 O 3 nanoparticles (Figure 1e,f) . The observed result is in good agreement with the reported literature [33] . The presence of the connected nanocrystals has been attained due to the existence of a diverse range of forces (electrostatic, hydrogen bonding, and van der Waals forces) provided by the presence of external templates of EG coating over Gd 2 O 3 nanoparticles.
The optical properties of formed Gd 2 O 3 nanoparticles have been investigated by using UV-vis. and fluorescence analysis as a function of variation of the concentration of GdCl 3 ·6H 2 O salt during the synthesis (Figure 2a,b) . The formed particles have shown the characteristic peak between 255-262 nm. The respective peak has been associated with the electronic transition from 8 S 7/2 -6 I 7/2 . [34] . On interpreting the results, it has been found that the absorbance is dependent on the concentration of salt. With increase in the concentration from 5 to 20 mM, there has an increment in the absorbance of around 63%. The change in the peak position was not so prominent with the concentration of the salt. On the other hand, a fluorescence emission peak was observed at 336 nm with λ exc = 290 nm (Figure 2b ). This peak has been associated with the emission from 6 P 7/2 ↔ 8 S 7/2 in Gd(III) ions [35] . The enhancement in the concentration of the starting material has produced an increment of 50.7% in intensity value, whereas the peak position has only shown a change of 10 nm. This variation has displayed the similarity with UV-vis studies. The PL spectra of as-synthesized nanoparticles has shown the characteristic peaks at 390 nm and a broad peak between 400-500 nm with a center at 417 nm (λ exc = 350 nm) (inset Figure 2b) . The sharp peak at 390 nm has been associated with the radiative recombination of holes with electrons present at the oxygen vacant positions formed due to the photogeneration effect. The other peak was associated with the self-trapped exciton luminescence in formed particles [36] . The optical band-gap values (E g ) and agglomeration number for Gd 2 O 3 nanoparticles (Figure 2c ) have been estimated by using the application of the Brus method [37] . The results have clearly explained the behavioral variation of band-gap value with the concentration of GdCl 3 ·6H 2 O salt during the synthesis. The decrease in the value of the band gap with the concentration has been associated with the variation of size of the formed particles with the concentration of the starting material. The particle size was comparatively higher for the nanoparticles prepared with 25 mM GdCl 3 ·6H 2 O salt. These variations of starting material have directly influenced the size of the particles, and the respective agglomeration number of the particles has also varied in a similar manner. Figure 2d has displayed the respective assignment of their colors in the Commission Internationale de L'Eclairage (CIE) diagram for the Gd 2 O 3 nanoparticles. The respective value of CIE chromaticity coordinates is found to be x = 0.3265, y = 0.4462, respectively. The outcomes have been associated with the green-shift effect in the formed particles. The formed particles have been further characterized by using the Raman and FTIR spectra of Gd 2 O 3 nanoparticles (Figure 2e,f) . On interpretation, Gd 2 O 3 nanoparticles displayed four major Raman peaks at 444.1, 528, 637.8 and 767.4 cm −1 , respectively (Figure 2e ). These peaks are mainly associated with the Fg and Ag mode for cubic C-type Gd 2 O 3 particles [38] . Moreover, other Raman active modes such as 4A g , 4E g , and 14F g have also contributed toward the peaks in the spectra [39, 40] . A sharp IR peak has been detected below 500 cm −1 , which has been attributed to Gd-O [40] . The small peak at 1500 cm −1 has been associated with the δ(O-H) vibrations due to the water bound to the nanoparticles surface in the form of moisture [41] [42] [43] [44] .
Electrochemical Behaviour of Hydrazine and p-Nitrophenol on Modified Electrode
The electrochemical action of formed Gd 2 O 3 nanoparticles has been investigated toward the electrocatalysis of hydrazine and p-nitrophenol (PNP) via using cyclic voltammetric analysis. Figure 3 showed the cyclic voltammograms of a gold electrode in pH 7.0, phosphate buffer (PBS) under various electrode conditions. Interestingly, it has been found that the bare gold electrode does not show any signal in pH 7 PBS buffer. The response has been still negligible for bulk Gd 2 O 3 -coated gold electrodes in the presence of hydrazine and p-nitrophenol ( Figure 3 ). On the other hand, well-defined voltammetric signals at 0.68 V have been obtained for the electrocatalysis of hydrazine in the presence of a Gd 2 O 3 nanoparticles-coated gold electrode. In case of p-nitrophenol, one set of reversible redox peaks i.e., (Gd R1 ), oxidation (Gd O1 ) occurred at −0.021 and 0.163 V. Other irreversible reduction peaks (Gd R2 ) at −0.694 V and (Gd R3 ) at 0.4 V were also observed in phosphate buffer solution at pH 7 with a scan rate of 60 mV/s. The obtained results have clearly pointed out that the p-nitrophenol has displayed three types of electrochemical responses with two subsequent types of processes, including reduction and redox couple progression [21] . This might be aroused due to the two-electron oxidation reduction reaction in 4-aminophenol. Whereas, the reduction peaks were associated with the formation of a hydroxylamine group from the nitro group of p-nitrophenol. From Figure 3 , it was found that there has been no signal in the reverse sweep for hydrazine samples. The results have confirmed the irreversible nature of the oxidation process for hydrazine.
On other hand, the samples of p-nitrophenol have displayed the redox peaks in both forward and backward directions, which make the analysis of p-nitrophenol reversible in nature [45] . In the presence of Gd 2 O 3 nanoparticles, there has been found a significant increase in the peak current for respective analytes. This has clearly verified the utilities of formed nanoparticles for electro-analytical purposes. The enhancement of peak current has been mainly explained by the enhancement of conductivity of the electrode due to the functionalization of the gold electrode surface with Gd 2 O 3 nanoparticles. These results have further validated that the formed Gd 2 O 3 nanoparticles are capable as efficient electron transporters for the electrocatalysis of harmful pollutants.
The scan rate variations have also been carried out in order to investigate the electron transfer mechanism for a Gd 2 O 3 modified gold electrode in the presence of hydrazine and p-nitrophenol. Figure 4a ,b shows the typical voltammograms for a Gd 2 O 3 nanoparticles-coated gold electrode with 1 mM solution of respective analyte (i.e., hydrazine and p-nitrophenol) in 0.1 M PBS solution with pH = 7.0 at different scan rates. The spectrum has revealed a regular enhancement of current response with varying the scan rate from 60 to 900 mV/S for both the analytes. The higher surface area of Gd 2 O 3 nanoparticles has played a critical role for the improved electron transfer process for the catalytic performance toward the understudied analytes. The enhancement of peak current with the scan rate has clearly pointed out the electrocatalytic reaction of hydrazine and p-nitrophenol at the surface of the modified electrode. These current variations have been mainly explained by the surface adsorption to diffusion processes at a façade of modified electrodes [45] . At lower scan rates, the relative rate of diffusion is quick, and the adsorption of analyte has been found to be slowest during the mass transfer process. On the other hand, at higher scan rates, the diffusion step has been mainly controlling the rate of electrode reactions in the presence of external agents [46] . In the case of p-nitrophenol, both types of associated processes i.e., the reduction and redox couple processes, have shown the significant augmentation of current response as a function of scan rate. The respective calibration curve of peak current versus the square root of the scan rate has displayed a linear relation for hydrazine and p-nitrophenol ( Figure 5 ). These obtained results have clearly pointed out that the oxidation of hydrazine is mainly a diffusion-controlled process at the surface of a Gd 2 O 3 nanoparticles-modified gold electrode [47] . The number of electrons involved in the overall reaction (n) for hydrazine and p-nitrophenol has been calculated from the Randles-Sevcik equation mentioned below [45] .
where n is the number of electron equivalents exchanged during the redox process, A (cm 2 ) is the active area of the working electrode, D (cm 2 ·s −1 ) and C (mol·cm −3 ) are the diffusion coefficient and the bulk concentration of hydrazine, and v is the voltage scan rate (V·s −1 ). The obtained CV responses of Gd 2 O 3 /Au have clearly explained that the oxidation of N 2 H 4 involves two electron changes, and the irreversible reaction of p-nitrophenol has undergone four electron changes, while the reversible reaction involves two processes-an electron redox process and an irreversible process-and gives a large reduction peak. (Figure 4b) shows the reduction of PNP to 4-(hydroxyamino) phenol. Two coupled redox peaks have indicated the oxidation of 4-(hydroxyamino) phenol to 4-nitrosophenol and the succeeding reversible reduction [48] [49] [50] [51] . A schematic representation of the involved mechanism has been illustrated in Scheme 2.
Scheme 2. The pictorial representation and cyclic voltammetric sweep curves for the Gd 2 O 3 nanoparticles/butyl carbitol acetate/gold (NPs/BCA/Au) electrode for the sensing of hydrazine and p-nitrophenol.
Amperometric Responses for Hydrazine and p-Nitrophenol
The amperometric studies are one of the primary techniques to estimate the low concentration of analytes and carry out the relative studies in the presence of interfering analytes. Since the Gd 2 O 3 @Au-modified electrode has displayed the higher current response for hydrazine and p-nitrophenol as a model system in the cyclic voltammetric studies, therefore, it has been employed as the amperometric sensor for the detection of hydrazine and p-nitrophenol at low concentration levels. Figures 6 and 7 depict the amperometric response of Gd 2 O 3 @Au for the successive additions of hydrazine and p-nitrophenol at an applied potential of −0.694 and 0.640 V for p-nitrophenol and hydrazine, respectively, in 0.1 M buffer solution with pH = 7. The obtained values of the current response have been estimated after the consecutive injection of 1 µM concentration of hydrazine and p-nitrophenol at the time interval of 60 s in a continuously stirring condition. The Gd 2 O 3 @Au-modified electrode has exhibited a considerable and rapid amperometric reaction toward each addition of analyte. The value of the current has reached its stable position within 3 s, demonstrating the fast electro-oxidation of the understudied analyte at the surface of the Gd 2 O 3 @Au-modified electrode. In addition, the response current has shown a linear increment for the subsequent additions of analyte over the wide range of concentrations. The respective regression plot of current response versus concentration of both the analytes has displayed a linear relation with the correlation coefficient values of 0.987 and 0.996 for p-nitrophenol and hydrazine, respectively (Figures 6b and 7b ). The limit of detection value has been calculated to be 1.527 and 0.704 µM for p-nitrophenol and hydrazine, respectively, by using the equation limit of detection (LOD) = 3σ/slope, where σ is the standard deviation for the particular system [52] . The sensitivity of the developed sensor has been found to be 0.33722 and 0.25734 mA·mM −1 from the slope of the linear regression for hydrazine and p-nitrophenol, respectively. The respective reusability, stability, and reproducibility of the as-prepared sensor has also been tested in the current work. The as-developed electrode was kept in the buffer media for one month, and its electrocatalytic efficiency has also been tested against the p-nitrophenol and hydrazine. The results have clearly verified that the formed sensor has displayed a reproducible performance with a decay rate of 5.7% and 6.3% in the oxidation peak current value for p-nitrophenol and hydrazine, respectively. This substantial constancy in results has been further attributed to the stability of Gd 2 O 3 particles, which maintain the efficiency and performance of the electrode for a long period. Additionally, the reproducibility of the developed sensor has been confirmed by estimating the electrochemical response of the Gd 2 O 3 particles as a working electrode for different electrodes in the solution media containing 1 mM of p-nitrophenol and hydrazine.
The obtained relative standard deviation (RSD) of peak currents has been found to be 5.3% and 4.7%, signifying the satisfactory report for the reproducibility of the modified electrode. In order to investigate the reusability of the developed sensor, the as-modified electrode has been rinsed with the respective sample solution. The obtained signal has been tested after the rinsing. It has been found that the obtained signal has maintained 94% of its original strength. The analytical performance of the as-modified electrode has been evaluated with some recent works in Table 1 . The data has further confirmed the authenticity of the developed sensor in a different range of concentrations with greater selectivity and sensitivity. In order to investigate the application of the formed sensor in real samples, the water samples from different sources have been taken, and the respective analyses have been made for the detection of hydrazine and p-nitrophenol. The relevant stock solutions of understudied analytes of known concentrations were made by using the water samples taken from different sources. The current response of the sensor has been examined for the different concentrations of hydrazine and p-nitrophenol by using amperometric studies. The outcomes of the measurements have shown the excellent recovery rate for the chosen analytes, as indicated in Table 2 .
The sensitivity, selectivity, repeatability, recyclability, wide linear range, detection limit, and applicability in real water samples makes Gd 2 O 3 Nps a favorable nanomaterial in the institution of the rapid and effectual scrutiny of harmful environmental pollutants. Thus, the prepared sensor appears to be a probable contender for preparing a simple, fast, and economical electrochemical sensor. 
Selectivity Study
In order to apply the proposed sensor for the determination of p-nitrophenol and hydrazine in an aqueous system, the respective selectivity of the sensor has been investigated in the presence of 1 mM of various interfering compounds (benzaldehyde, benzoic acid, benzonitrile, phenol, ethanol, and aniline) at a fixed potential 0.67 V for hydrazine and −0.69 for PNP. Figure 8 has displayed the amperometric response of a Gd 2 O 3 /BCA/Au electrode for the same. From the data, it has been found that a negligible change to response current has been detected in the presence of different interfering compounds. However, significant and quick responses were observed in the presence of hydrazine and PNP. These outcomes have clearly explained the high selectivity of the fabricated sensor toward hydrazine and PNP, and enhanced the scope of the developed sensor. 
Conclusions
In summary, the current work has reported the fabrication of the ethylene glycol-mediated synthesis of Gd 2 O 3 Nps. The formation of the particles has been scrutinized by using sophisticated characterization techniques. The effects of synthetic parameters over the optical, photoluminescence, band-gap variation, and agglomeration number of the formed particles have been studied in detail. The fabricated particles have further been employed as a proficient electrocatalytic material for the enzyme-free detection of hydrazine and p-nitrophenol with great sensitivity and selectivity. The developed sensors hold a wider linear range of 1 to 10 µM with low detection limits of 1.527 µM and 0.704 µM for p-nitrophenol and hydrazine, respectively. The sensitivity, selectivity, repeatability, recyclability, wide linear range, and detection limit make Gd 2 O 3 Nps a favorable nanomaterial in the institution of the rapid and effectual scrutiny of harmful environmental pollutants. The realistic application of the developed sensor has also been investigated by spiking known concentrations of hydrazine and p-nitrophenol in different water samples with good recoveries. Consequently, the successful synthesis of EG@Gd 2 O 3 nanoparticles has immense potential for the design of highly effective electrochemical sensors, and is a probable way to provide momentum to the advancement of new electrode materials.
